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                                                               SUMMARY 

 This report describes the results of one phase of a research effort aimed at delineating 
the representations, constraints, and other aspects of cultural models.  The report includes a ba-
sic description of the research effort, an in-depth review regarding research on opinion dynam-
ics, a bibliography of collected research on cultural and belief modeling, a set of new article 
headlines illustrating situations where cultural beliefs appear to be in conflict, and two papers 
describing simulation work conducted under this effort. 
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                                              1.0    INTRODUCTION 

Cultural beliefs and behaviors have been studied with a variety of methods.  We 
performed this research effort to understand the breadth of representations of cultural models, 
and to identify ways in which cognitive theory could help improve and constrain social models 
of belief exchange.  In service of this effort, we engaged in a substantial literature review in 
which we examined how cultural representations have been used across domains, including 
anthropology, social psychology, cognitive science, computer science, economics, human 
factors, psychology, and other related domains.  This work produced several outcomes, 
including the review of opinion dynamics literature found in the main section of the report, two 
papers concerning simulation models of belief dynamics, a comprehensive bibliography 
covering cultural representations issues in a number of domains, and a database of current news 
stories that illustrate cultural beliefs in conflict. 
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                        2.0     METHODS, ASSUMPTIONS, AND PROCEDURES 

The work conducted under the scope of this contract involved two broad research 
thrusts.  First, we conducted a broad survey of the literature on cultural models, belief 
transmission, and the typical representations used in cultural belief research.  This review 
covered representative work in anthropology, psychology, modeling, simulation, statistical 
analysis, sociology, and other cultural domains.  One area of this literature review explored, in 
detail, is research on opinion dynamics and cultural transmission.  Section 2 provides a broader 
summary of this research and Appendix A has a detailed categorized bibliography.  Over the 
course of the year, we also collected occasional news articles that illustrated cultural beliefs in 
conflict.  We archived full text of these news articles for possible future analysis; however, in 
this report we simply include a bibliography of their headlines (Appendix D).   

 
A second major thread of this research effort built on the literature review and detailed 

analysis of opinion dynamics research.  It involved developing simple simulation models that 
used complex knowledge representations to explore the way in which cognitively genuine 
knowledge can improve our understanding of opinion dynamics.  The simulation models 
produced two major results:  1) it demonstrated that the bounded influence conjecture, which 
appears as a prominent assumption in many simulation models of opinion dynamics, is not 
necessary to produce competing belief factions and avoid collapse to a single belief consensus.  
Instead, the simulation models we developed showed that encouraging agents to adopt belief 
systems that are non-contradictory and self-consistent could create competing factions.  That is, 
if an agent is unwilling to hold two beliefs that are logically, traditionally, or theologically 
inconsistent, this can prevent smooth movement to the center via continuous interaction with 
other agents having differing opinions.  2) These assumptions produce a novel account of the 
group polarization phenomenon: the finding in social group processes research that the average 
belief of a group of individuals tends to become extreme when they discuss, interact, and 
attempt to create a consensus.  The model’s account is that extreme views are easier to come to 
an agreement about because they tend to be the closest to the constellation of moderate views 
the group started with.  Two papers included in this report describe this research thread.  First, a 
conference paper accepted to a workshop on cognitive underpinning of social science, held at 
the Cognitive Science conference (Appendix B).  We have expended this research and extended 
it in the form of an in-progress manuscript submitted for publication.  The current manuscript is 
in Appendix C. 

 
Overall, the research conducted under this project has focused on trying to understand 

how cognitive processes and knowledge representations can inform cultural modeling.  We 
believe that it offers substantial promise.  First, by making more nuanced assumptions about 
knowledge representation, we find it possible to avoid ad hoc assumptions about interaction 
rules.  Second, by allowing more-complex representations, the research has a better chance of 
making contact with empirical research, so that specific cultural knowledge collected across 
cultural groups and nationalities can directly form part of the knowledge space of a simulation 
model. 
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                               3.0     RESULTS AND DISCUSSION 

One community of practice engaged in developing models of cultural knowledge is 
referred as Opinion Dynamic (see Lorenz, 2007, for a survey of the field).  Lorenz states that 
interests in this field range: 

 
from emergence of fads, minority opinion spreading, collective decision making, finding 
and not finding of consensus, emergence of political parties, minority opinion survival, 
emergence of extremism and so on (pg. 1). 

  
These models typically involve representing a population of agents, each of whom holds 

an “opinion,” typically represented by a number.  A variety of modeling frameworks and 
concepts exist, but most are concerned about how the opinions of a population of interacting 
agents changes with time.  Hegselmann and Krause (2002) cite the work of DeGroot (1974), 
Lehrer (1975), and French (1956) as seminal exemplars of “classical” opinion dynamics.  

  
As with any population model, it is important to distinguish between an average belief 

and an individual belief.  Critically, for some systems of knowledge representation, an 
individual can never hold the average belief of a group of agents, for other systems, it can.  This 
ties directly to the type of representation used in the model, and has consequences for the types 
of knowledge the model is best able to capture. 

 
3.1 Representations Used in Opinion Dynamics Models 

 The evolution of representations used in the opinion dynamics domain appears to be 
driven by intuitions about knowledge transfer rather than by attempts to capture one type of 
knowledge vs. another.  Table 1 catalogues a basic summary of several classes of 
representations.  Perhaps the simplest way to view an opinion is as a single observation of 
whether one does or does not support an issue or belief.  Opinion takes on one of two values, 
which, for example, could be mapped to the set {0, 1}, or possibly {-1, 1}, indicating opposing 
vs. favoring.  Such a representation is appealing from an empirical perspective because it is 
similar to a vote, where one must determine whether one does or does not support a specific 
option.  It has also been noted that it is appealing because models arising from Physics such as 
the Ising Spin model of ferromagnetism have well-understood properties that capture such two-
state representations. 
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Table 1:  Summary of Representations used in Different Cultural Models,  
and Related Cognitive Models Using Similar Representations 

 

 Binary 
Opinions 

Multi-level 
Discrete 

Multi-
dimensional 

Continuous Opinions 

Bounded 
Confidence 

Relative 
Agreement 

Meta- 
Contrast 

Example 
Models 

Latane & 
Nowak,(1997); 
Kacperski & 
Holyst,(2000); 
Sznajd-Weron 
et al. (2000) 

 Axelrod (1986); 
Schelling (1978) 

Dittmer 
(2001); 
Hegselmann 
et al., (2002) 

Amblard & 
Deffuant, 
(2004) ; 
Deffuant, 
(2006); 
Franks, et al., 
(2008) 

Salzarulo, 
(2006) 

Description Opinion is a 
binary state 

Opinion is 
one value 
from a finite 
discrete set 

Opinion is a set 
of values or 
higher-order 
complex 

Opinion is a 
single 
continuous 
value; opinion 
change 
requires small 
differences 

Incorporates 
certainty as 
an aspect of 
influence 

Incorporates 
movement 
away from 
opinions 
deemed 
dissimilar 

Analogs in 
memory models 

All-or-none 
learning 

Decision 
Field Theory 
(Busemeyer 
& Townsend, 
1993) 

Anderson, 
(2007); 
 Shiffrin & 
Steyvers, (1997) 

Activation-based accounts of representation 
(Page & Norris, 1998) 

Empirical 
Representations 

Forced choice 
preferences 

Likert scale 
or multiple-
choice 

Concept maps; 
Latent Semantic 
Analysis 

Group means of forced-choice or Likert-scale 
questions. 

 
 For example, these systems often viewed an opinion is as a continuous number.  The 
number may relate to a strength of support for an idea, or a perceived worth, or position on a 
political continuum.  An important consequence of these continuous opinions is that any value 
along a continuum (possibly bounded by extreme levels).  By virtue of belief being represented 
as a continuous value, any intermediate value is possible (by the intermediate value theorem), 
and so a group belief (averaged across individuals) may be identical to all, some, or none of the 
member’s beliefs.  It is also appealing from a modeling perspective, because it can map onto 
certain classes of physics-based models (e.g., Sznajd-Weron & Sznajd, 2000) and allow some 
interesting notions of information transmission:  Sznajd-Weron and Sznajd (2000), for example, 
implement the notion that agreement is contagious but disagreement is repulsive.  When a set of 
neighbors agree in their value, their immediate neighbors take on the same value, but when a set 
of neighbors disagree, their immediate neighbors take on the value opposite to the closer 
member. 
 
 However, such representations are limiting in many contexts because opinion, in 
general, or at least sentiment or support, is they have a more nuanced scale.  For example, 
common methods for measuring opinion involve Likert scales, which require rating a level of 
agreement on a multi-value scale.  However, such models are rarely seen in the wild  (although 
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Galam (2008), discusses 3-state agents, and both Hegselmann et al. (2002), and Stauffer, Sousa, 
& Schulz (2004) describe ordinal-discrete models), because there is a relatively small step 
between a multi-value ordinal representation and a continuous representation.  Such 
representations are appealing for several reasons.  First, it allows fine-grain and smooth 
evolution of opinion.  The so-called “classical model” illustrates this in which an agent’s 
opinion at time step n+1 is a weighted average of the opinions of others.  Without a continuous 
representation of opinion, this type of dynamic becomes clumsy.  Furthermore, it makes it 
easier to define weighting rules such as the “bounded influence” hypothesis that has emerged as 
a central tenet of recent models. 
 
 The bounded influence hypothesis asserts that opinion change is not simply a process of 
interacting with others, but is only effective when the neighbor one interacts with is suitably 
similar.  A binary opinion does not allow such a rule because any neighbor who is similar 
enough in belief already shares that belief.  It is a particular kind of weighting rule, because it 
typically defines a window of influence, and any opinions outside that window will not 
influence the individual.  Hegselmann and Krause (2002) and Deffuant, Neau, and Amblard 
(2000) have proposed similar versions of this model under the name “bounded continuous 
opinion dynamics”.   
 
 Bounded confidence models have a certain appeal in that they capture the intuition that 
people ignore opinions that are extremely different but are willing to listen to those that are 
similar.  This has intuitive appeal but, as far as we can tell, little direct empirical support other 
than simulations ability to produce phenomena of interest.  One aspect of human influence it 
misses is that the opinions of others do not always impact us.  At times w are strongly 
convinced of something and cannot be swayed, even moderately.  Deffuant (2002) proposed a 
“relative agreement” model in which, along with opinion value, agents have a “certainty” which 
specifies how likely they are to be influenced by others opinions.  This type of model appears to 
produce shifts of group consensus formation opinion to extremes (as noted earlier by Moscovici 
& Doise, 1992), because extreme members of the group will be more certain about their 
opinion, and attract the consensus.  Similar dynamics have emerged from models incorporating 
social psychological concepts like self-identity theory and meta-contrast (Salzarulo, 2006).  
This model drives opinion toward similar agents, but away from highly dissimilar agents. 
 
 Most of the critical differences between models in the domain of opinion dynamics 
comes from notions of influence:  what are the ways in which an opinion may be influenced by 
others.  Although using both discrete and continuous representations, this has not been a critical 
differentiator or issue of debate.  However, it is reasonable to question whether these tacit 
assumptions have unforeseen impacts, and whether they represent knowledge in appropriate 
ways.  There are at least two dimensions to consider 1) continuous vs. discrete representations 
and 2) unidimensional vs. multidimensional knowledge. 

3.1.1 Continuous vs. Discrete Belief Assumptions   

Aside from a class of Ising-type models imported from physics, most opinion dynamics 
models use continuous representations of a belief. 

 
 This formulation has strengths and weaknesses as a theory of human knowledge 
representation.  It may certainly be a reasonable representation for some classes of knowledge 
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and beliefs humans may hold.  For example, suppose a buyer and seller needs to come to 
agreement about a purchase price of an automobile.  Opening opinions about the price could 
differ, and be essentially any positive value.  The seller likely has a higher initial value in mind 
and the buyer will likely have a lower value.  Through the exchange of information, they may 
converge on a common price that could be any value between the two values; in cases such as 
this, the fact that money is not continuous and must be rounded to the nearest cent (or more 
likely, the nearest hundred dollars), is only a minor detriment to the model.  It is likely that if 
rounding functions were imposed most of the analysis of such models would not be impacted 
(as is necessary for most models when simulated using computers.) 
 

Initially, the simplest case of binary belief seems quite limiting.  Although it does 
capture voting behavior, it cannot capture more graded agreement or data very well.  However, 
it is appropriate for a wide range of beliefs that can be articulated; especially those that may 
vary across cultures.   

 
Problems with assuming continuous beliefs become more apparent when considering 

other types of knowledge.  Starting at a simple level, consider a belief in the truth of the 
following statements:  1) There is a dog in the room; 2) I had pancakes for breakfast; 3) Dogs 
make good pets; 4) I want pancakes for breakfast tomorrow.  Each could be placed on a scale 
between 0 (disagree) and 1 (agree), but one would find that some classes of questions (like 1 
and 2) can only take on values other than 0 or 1 in contrived situations.  These are really 
discrete beliefs that are either true or false.  Examples 3 and 4 could support partial support, but 
even they could be conceptualized as requiring only agreement or disagreement.  Furthermore, 
whenever selecting a vote or a course of action, this requires a discrete outcome, which may not 
warrant a continuous underlying representation. 

 
One important factor to consider is that for discrete opinions in general, the average of a 

set of beliefs is itself a valid belief.  For continuous beliefs, it is.  This makes opinion drift 
models tractable because an opinion can be changed an infinitesimally small amount, but it also 
appears as a crude stand-in for what the models intend to model: influence based on 
convergence of ideas.  Thus, another way to frame a bounded confidence model is in terms of a 
set of beliefs, and those individuals who are similar overall will interact and exchange beliefs, 
whereas those individuals who differ on many dimensions will not.  This suggests that the focus 
on univariate belief systems within the opinion dynamics community should be re-examined. 

3.1.2 Univariate vs. Multivariate Assumptions   

The majority of work in Opinion Dynamics domain focuses on the dynamics of 
univariate values.  However, a number of researchers have explored multivariate beliefs (e.g., 
“vectors of opinions”:  Axelrod, 1997; e.g., “vectors of opinions”:  Weisbuch, Deffuant, 
Amblard, & Nadal, 2002; Weisbuch, Deffuant, Amblard, & Nadal,  2001).  Such models are 
more similar to cognitive models of knowledge representation that suppose multi-dimensional 
feature representations for concepts.   

 
One can defend the focus on unidimensional knowledge systems by arguing that the 

other dimensions (or features) are simply irrelevant, or bound by the same mechanisms.  
However, this sidesteps important practice in rhetoric and discourse that serves as the 
inspiration for the field: people simply do not simply state their opinion and expect you to drift 
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toward it; they attempt a reasoned (albeit possibly post-hoc) logical argument for why they 
believe something and you should too.  A logical argument will entail a causal argument, which 
involves knowledge of a high level of complexity.  Because of its focus on unidimensional 
representations, the field has completely missed the role of argument and reason.  

  
Furthermore, because agents literally have a single piece of information, there is no 

premium placed on communication.  Agents reveal their entire belief system with each 
exchange.  However, if the goal is influence, one may be selective, or one may even lie about 
one’s belief, which the opinion dynamics models do not addressed.  More important, in a typical 
communication, one cannot communicate all beliefs.  If individual’s beliefs could be 
represented by a complex directed graph, only small snapshots of that network could be 
transmitted at any one time.  What are the limitations that this could place on accurate 
reproduction of belief systems and what consistent shortcuts would emerge?  It is likely that a 
causal belief system, when communicated, would leave out intermediate but non-critical logic, 
which then gets replicated.  One can think of certain cultural taboos, such as kosher law, in this 
way.  By ignoring complex knowledge, one can miss these types of dynamics. 

3.2       Opinion Dynamics and Human Data 

In principle at least, opinion dynamics models have the potential to capture observed 
data of various types.  For example, surveys often provide data that can map almost directly into 
the simple representations used by such models, for forced-choice behaviors (like elections), or 
sentiment-gathering methods (Likert scale or Visual-Analog scale survey questions).  As the 
human knowledge being represented grows more complex (e.g., causal networks and concept 
maps), the representations used in this domain become inadequate. 

 
Overall, these models have done a very poor job of making contact with any human 

data.  One reason for this may be the type of instantaneous drift of opinion needed to assess the 
assumptions of the models is difficult to obtain.  However, the field seems satisfied with 
qualitative demonstrations of effects that seem intuitively reasonable.  In order for the field to 
mature, it must take on the goal of predicting and explaining behavioral data, because it will 
force practitioners to incorporate the complexity of knowledge at a more central level. 

3.3       Limitations of the Opinion Dynamics Approach 

Because of tradition, engrained practice, or simply the name, the opinion dynamics 
literature appears rooted in the notion of how opinion is represented, transmitted, and changed.  
This focus on opinion (in contrast to semantic knowledge in general) has probably occurred for 
a number of reasons.  First, the notion of an opinion is a belief that is in some sense arbitrary 
and can be disagreed upon.  In contrast, it is thought that semantic knowledge is learned facts 
that are essentially identical for every person, and facts do not appear to have the same type of 
flexibility.  Yet in using such an approach to understand cultural knowledge, the distinction 
between a fact and an opinion is somewhat arbitrary or at least circular.  Does a devout Muslim 
hold the opinion that there is no God but God, or is it a fact?  Looking at the belief from an 
outside culture, one might easily describe it as an opinion, but for an Afghan, every person they 
know may hold the same opinion.  Is an opinion simply a belief about which there is 
disagreement over a wide enough community?  By focusing on opinion and discarding alternate 
types of belief and knowledge, the opinion dynamics community has missed the ability to 
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identify how there may be different levels of certainty inherent in different types of information, 
from opinion and sentiment at one end, to coherent facts on the other. 

 
A second reason why this literature appears to favor opinion is that opinions can change 

and possibly in very small increments.  This assumption is so central that few researchers have 
examined it with a critical eye but it bears closer examination.  For example, the field assumes 
that a political liberal could only become a conservative in a long series of small steps.  
However, this may not even be the most common way such political conversion occurs.  For 
religious conversion, a complete belief system may be abandoned and another accepted 
wholesale, rather than in tiny increments. 

 
Another limitation in this domain is the focus on interaction as the driver of change.  In 

contrast, a change in belief may essentially drive interaction, or change may come from self-
reflection.  For univariate continuous representations, there is no strong reason why self-
reflection should cause change, but for complex representations, opinion change could be 
driven by a desire to maintain internally consistent beliefs, for example. 
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                                            4.0      CONCLUSIONS 

Opinion dynamics offers a fertile domain to understand the social dynamics of belief and 
belief exchange.  Current developments in the field are moving models toward more 
psychological accounts of influence, but the representations remain impoverished and the 
connection to behavioral data is rare, which severely limits the potential of the field. 
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APPENDIX D: Collection of News Headlines Illustrating Divergent Models of        
Cultural Ideas 
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 October 7, 2009, from http://www.jpost.com/servlet/Satellite?cid= 
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 Mosque (2006 July 11). Asharq Alawsat Newspaper (English). Retrieved February 11, 2010, 
 from http://www.aawsat.com/english/news.asp?section=3&id=6971 

 Barrionuevo, A. (2009 August 30). Latin American journalists face new opposition. The New York 
 Times. Retrieved from http://www.nytimes.com/2009/08/31/world/americas/ 
 31brazil.html?ref=world 

 Behind the veil. (2006 October 25). Al-Ahram Weekly On-line. Retrieved February 11, 2010, from 
 http://weekly.ahram.org.eg/2006/817/op4.htm 

 ‘Bin Laden audio tape’ warns US. (2009 September 14). Al Jazeera English. Retrieved September 14, 
 2009, from http://english.aljazeera.net/news/middleeast/2009/09/200991441530170646.html 

 Brazil’s soap operas linked to dramatic drop in birth rates (2009 September 10). CNN Health. Retrieved 
 September 10, 2009, from 
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 Burka like wearing paper bag, says MP. (2010 February 2). BBC News. Retrieved from 
 http://news.bbc.co.uk/2/hi/uk_news/politics/8494285.stm 

 Burqa husband denied nationality. (2010 February 3). The Connexion - The Newspaper for English-
 Speakers in France. Retrieved from 
 http://www.connexionfrance.com/news_articles.php?id=1376 

 Burqa is ‘walking coffin’ – minister. (2009 August). The Connexion - The Newspaper for English-
 Speakers in France. Retrieved from http://www.connexionfrance.com/expatriate-news-
 article.php?art=349 

 Burqa letters: the debate rages on. (2009 October). The Connexion-The Newspaper for English-
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 Bush shoe thrower to be freed. (2009 August 29). Al Jazeera English.  Retrieved August 31, 2009, from 
 http://english.aljazeera.net/news/middleeast/2009/08/200982920391469409.html 

 Champion, M. (2009 September 2). Responses to Turkey-Armenia pact point to hurdles ahead. The 
 Wall Street Journal. Retrieved from http://online.wsj.com/article/SB125181063745875977.html 
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 http://www.reuters.com/article/2009/08/28/us-afghanistan-idUSISL11764020090828 
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 Corruption sting nabs Iraqi deputy minister (2009 September 7). CNN World. Retrieved September 10, 
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